Considering our data and other results, we present a uniÐed, self-consistent picture of the disk and shock structure. The northern emission region appears to be the result of the ablation of a dense molecular clump (coincident with HW 6) in the path of a diverting jet from YSO HW 2 and subsequent multiple bow shocks with prompt entrainment arising from the interaction of the jet with the molecular cloud Cep A-2. The southern line emission region near HW 7 resembles the "" artillery shell ÏÏ bow shocks found in Orion and is most likely a J-type shock caused by a jet from another YSO, possibly HW 3(d)ii.
INTRODUCTION
We present here new near-infrared spectral imaging of the molecular cloud core Cepheus A East (hereafter Cep A East), a nearby site of massive star formation (Sargent 1977) located in the Cepheus OB association.
Hiltner, & Blaauw, Johnson determined the distance to be 725 pc ; the (1959) far-IR luminosity is 2.4 ] 104 which requires a cluster L _ , of B stars to excite.
Cep A East harbors one of the Ðrst molecular bipolar outÑow sources discovered Ho, & Moran (Rodri guez, Higher spatial resolution CO observations showed 1980). the outÑow to be extremely complex, and it was termed quadrupolar et al. & Walker (Torrelles 1993b) . Narayanan present high spatial resolution J \ 3 ] 2 12CO maps (1996) of the central 150A that show the high-velocity (HV) red ([4.5 to 9.6 km s~1) and blue ([26.9 to [12. 8 km s~1) lobes at a P.A. \ 80¡È90¡ close to the core and 102¡ at larger scales. The extraÈhigh-velocity (EHV) red (10 to 60 km s~1) and blue ([60 to [27 km s~1) CO lobes exhibit a P.A. D 50¡ close to the core and 60¡È80¡ at larger scales. These observations point to a multiple outÑow source scenario that we favor, but a competing model (Corcoran, Ray, & Mundt suggests these lobes are two sides of a 1993) poorly collimated bubble in Cep A.
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For the past 15 yr, Cep A East has been studied extensively at IR and radio wavelengths (see Fig. 5 of et Corcoran al.
for a large-scale map of this region). 1993 Beichman, Becklin, & Wynn-Williams obtained 20 km maps (1979) and 6 cm low-resolution VLA observations of the central 10A, from which they identiÐed both ionized hydrogen regions and a di †use thermal dust emission source. Additionally, seven ionized hydrogen complexes lie in "" strings ÏÏ that form a sideways "" Y ÏÏ & Wouterlout (Hughes 1984 [HW] ), the vertex of which is coincident with the exciting source(s) of the molecular outÑow(s). A cluster of º6 very compact radio sources (HW84 2 and 3 and pointlike sources 8 and 9, hereafter called HW 2, 3, 8, and 9 for consistency) in the central 10A of Cep A East (Hughes, Cohen, & Garrington are identiÐed as preÈmain-1995) sequence (PMS) stars by on the basis of their Hughes (1988) variability and the presence of maser sources ; these H 2 O compact objects are called "" objects which harbor an energy source ÏÏ by et al. Individual compact objects Garay (1996) . in cluster members HW 2 and 3 appear to be the dominant sources powering the region. Since there is evidently substantial mass loss from several of the compact sources, and since bipolar Ñows appear to originate from at least two of those sources, we presume that some of these cluster members are young stellar objects (YSOs). The string source components (HW84 1, HW84 4-5-6, HW84 7, hereafter HW 1, 4, 5, 6, and 7) lie along the edges of the Our observational goals were severalfold : (1) to identify and characterize pointlike sources associated with Cep A East that might be members of the cluster, and/or additional exciting sources through broadband imaging at several wavelengths ; (2) to characterize the extinction ; and (3) to identify the shocked gas associated with the core of Cep A East through spectral imaging in the v : 1 ] 0 S(1) H 2 line at 2.122 km (a tracer of shocks with velocities up to 30È50 km s~1 ; Brand, & Moorhouse and in Smith, 1991 ) the [Fe II] 1.644 km line, which is a useful tracer of shocks at higher velocities (º50 km s~1). High-velocity shocks liberate Fe from molecular cloud grains, as well as ionize and excite it ; [Fe II] emission is often found where molecular hydrogen is dissociated & McKee (Hollenbach 1989 (Forrest 1993 ; Garnett 1993) . is housed in a double-jacketed Dewar, which has LN 2 /LHe a LHe cooled Ðlter-wheel assembly containing the standard infrared broadband Ðlters mentioned above, as well as three circular variable Ðlters (CVFs) providing 1% to 2% spectral resolution. The CVFs are used to provide the order sorting during observations with the Fabry-Perot (FP) system described by et al. and are scanned in Greenhouse (1997) concert with the FP mirrors by the FP control computer interfaced with the array computer. A specially designed doublet reimaging lens serves as the Dewar window and Determination of the plate scale and Ðeld rotation at each wavelength is a two step process. First, the angular separation in arcseconds between two point sources was determined from a K-band Cep A East image ; the plate scale at K-band was determined by use of the 8 Lac binary and the Trapezium Stars (h1 Ori). Second, angular separation between the two point sources was measured in pixels on each image at each wavelength, and this allowed calculation of the plate scale and rotation. The rotation of each image was determined by imaging a star on the array before and after moving the telescope directly north by 20AÈ30A. All images were magniÐed to a Ðnal plate scale of pixel~1 0A .244 and were rotated to orient north directly vertical for intercomparison. The positions of the infrared sources were determined as o †sets from IRS 6d, whose coordinates are given by N. Rowlands (1993, private communication) 1986 ; Casement 1996) . In the 1.644 km continuum, hereafter h band, Figure 2a , (reÑection) nebulosity is shown in green and the 2.122 km continuum, hereafter k band, (reÑection) nebulosity in red.
demonstrates the extinction gradient across the Figure 2a western Cep A East reÑection nebula ; this image is increasingly dominated by the k-band nebulosity near HW 2/HW 3. We attribute this to extinction between us and the scattering sources to the north and east of HW 2/HW 3. Figure  illustrates The line emission appears in two distinct regions, located to the northeast and southeast of the HW 2/HW 3 region. The southern infrared line emission region, as seen in the southern portion of shows emission outlining Figure 2b , H 2 the southern edge of the HW 7 components and terminates in an [Fe II] line emission knot at the eastern edge of HW 7. A bright knot of emission centered on the radio source H 2 HW 6 deÐnes the beginning of the northern line emission region, as shown in the northern half of [Fe II] Figure 2b ; emission is found along the edge of the molecular cloud Cep A-2 to the east of HW 6, with di †use emission appearing H 2 to the south of the [Fe II] emission. Table 3 ). Lenzen (1984) 3.6 km point source (IRS 6c) 4A^3A northwest of HW 2. Our sensitive L A and M@ images show no evidence for a point source at their coordinates for IRS 6c, although we do detect a pointlike source (which we name Cep A East : GPFW 3) at both wavelengths corresponding (within 1A) to the 20 km source position noted above, which is located within the reÑection nebula. (1984) . interesting aspect to the morphology of GPFW 1 is that at M@ band where the extinction is less, there is a cone (Fig. 6 ), of nebulosity associated with the GPFW 1a source that extends southwest, toward the HW 1 source, and with a similar position angle to that of HW 1. Another potentially interesting point source is our newly identiÐed Cep A East : GPFW 2, a red pointlike source just to the north of HW 7(a) that is perhaps behind or embedded within the Cep A-3 molecular cloud.
Intensities and Magnitudes
The total surface brightness detected (i.e., not extinctioncorrected) from the line emission regions is given in Table 2 . The surface brightness of emission from the northern H 2 region associated with HW 6 is reported in two parts : the bright knot and the di †use emission.
lists the coor- Table 3 , than that associated with HH 80/81. However, the separation between HW 7(c)ii (the "" bullet,ÏÏ a source with a transverse velocity of 300 km s~1 away from HW 2/HW 3 ; and the [Fe interface, as well as Hughes 1993) II]/H 2 between individual radio knots in the string source components, is approximately 2000 AU as in HH 80/81. Unlike HH 80/81 components, HW 7(a), 7(b), and 7(d) do not show high proper motion. Therefore, these knots are probably part of the shock-ionized sheath surrounding the jet from a YSO in HW 2/HW 3, terminating at HW 7(c)ii.
In Cep A East, we evaluate the connection among YSO jets, the string-source components, the bipolar outÑows, and the near-IR reÑection nebulosity and shocked emission. In addition, we deduce whether the southern line emission derives from J-type or C-type shocks. 
; he postulates that HW 7(c)ii, which exhibits a transverse velocity of D300 km s~1, deÐnes the Mach disk for an HW 7 jet structure. On the other hand, et al. Garay (1996) assert that the observed nonthermal spectral indices observed for the HW 1(a), 1(b), 5, 7(b), 7(c) string-source components (embedded in di †use thermal emission) arise from the shock interaction of supersonic jets and the surrounding medium. They invoke a model in which nonthermal emission can be produced by a shock wave traveling through a magnetized medium, in which electrons are accelerated to relativistic speeds at the bow shock (both bullet and jet models) or the jet termination shock et (Garay al. Mirabel, & 1996 ; Crusius-Wa tzel 1990 ; Henriksen, Ptuskin In this model, the di †use thermal emission 1991). observed in those same string-source components is produced in the recombination zone or the cooling zone Fig. 2b) . as a strongly shocked region wherein the dust grains have been destroyed and the molecular hydrogen has been dissociated. Since the north side of the HW 7 sources bounds the southern edge of the dense cloud Cep A-3, we presume that the northern wing of the bow shock emission su †ers sufficiently heavy extinction that its line emission is not H 2 detected.
Several of the cluster sources have been suggested as possible exciting candidates. J. Bally (1995, private communication) and et al.
propose that a Garay (1996) YSO in the HW 3 complex, probably HW 3(d)ii, is the exciting source not only for the east-west CO bipolar outÑow, but also for the HW 7 string source. Another possible exciting source for the complex is HW 9 or HW 3(a)i although there is no extended H II emission (Hughes 1997), corresponding to an ionized jet for the former source, and high-resolution radio maps of HW 3 et al. to 110¡, similar to that of the HW 7 string, as well as that of the HV CO emission. In a future paper, Hughes (1998) postulates a causal relationship between HW 7(a) and the rest of the HW 7 complex.
We examine here whether a jet from any of these sources is responsible for the formation of the shocked and H 2 [Fe II] artillery shell emission associated with HW 7. HW 7(c)ii, the only radio H II region component observed to have a high proper motion, may represent the terminus of the jetÏs interaction with the ISM (the Mach disk or jet shock)Èas alleged by Its projected separaHughes (1997). tion from the [Fe II] emission tip is (D4 ] 1016 cm). D3A .5 In the discussion below, we examine the conditions under which a supersonic, one-dimensional jet model can produce this result.
For this situation, the separation between the bow shock and jet shock can be calculated if values are assumed or measured for several parameters. We measure the projected distance between the putative exciting source [HW 3(d) 
A separation of D3 ] 1016 cm corresponds to a (D BS [ D JS ) value of g D 1 ; thus for similar jet material and ambient medium number densities, the observed bow shock/jet shock separation can be produced by this model. This conclusion holds for other possible exciting sources for this region because all such sources have similar projected distances to the jet shock.
T he Northern IR Emission Region Associated with HW 6
An entirely di †erent morphology is observed in the northern line emission region, as can be seen in Figures 2b  and Overlapping the southern edge of the molecular 4. cloud Cep A-2 is a region where a shock presumably has destroyed the dust grains, giving rise to an extended arm of [Fe II] emission. There is a distinct knot of bright emis-H 2 sion centered within the radio thermal H II emission peak HW 6 ; more di †use (and irregular) emission extends H 2 further to the northeast of the string deÐned by the HW 4, 5, and 6 ionized hydrogen sources, and curves to the south of the arm of [Fe II] emission, which also overlaps HW 6. This complex has a position angle of 50¡È60¡. We propose that these emissions outline a blend of multiple oblique shocks or bow shocks (see below). Wide-scale emission images, H 2 both at high spatial resolution et al. and at (Nadeau 1994), low spatial resolution et al.
show that there (Hartigan 1996) , is additional knotty emission at position angles between H 2 60¡È80¡ to the northeast of our frame, apparently continuing the shocked gas extension of the HW 4, 5, and 6 radio string sources. These string sources (all with partially nonthermal radio spectral indices) point to a YSO origin in the HW 2/HW 3 complex. Since an ionized radio jet associated with HW 2 et al. has a position angle of (Rodri guez 1994) 45¡, it seems clear that HW 2 is the exciting source of the northern string, as discussed further below. This overall range of position angles is also observed in the EHV 12CO (3È2) emission bipolar lobes observed in the central 100A of Cep A East & Walker where the position (Narayanan 1996) angle closest to HW 2 is D50¡, but increases at greater distances.
We propose a model to describe the northern line emission region where the [Fe II] emission is radiating from the inner sheaths (the hot gas behind strong shocks) of the multiple bow shock wings delineated by emission, and H 2 that the Cep A-2 molecular cloud obscures one side of the oblique sheaths (see This model is also motivated by Fig. 7) To explain the coincidence of the emission knot with H 2 the ionized radio source HW 6, we invoke the following scenario. A supersonic jet presumed to originate from HW 2 (see above, as well as below) encounters media of°3.3 varying density as it Ñows along the edge of the molecular cloud Cep A-2, presumably creating the HW 4-5-6 ionized string (see et al. H 2 center of HW 6 suggests the existence of a dense clump of molecular hydrogen. The jetÏs width is most likely larger than that of the HW 6 clump. By Ñowing over and around the clump, the jet creates a cloudlet shock et H 2 (Stapelfeldt al.
The H II emission associated with HW 6 could be 1991). interpreted as an ionized hydrogen cocoon, where molecular hydrogen is dissociated by the cloudlet shock and then ionized. Dust in the cocoon may also be sputtered, giving rise to the [Fe II] emission. The shock has not ionized the entire molecular hydrogen clump, but has ro-vibrationally excited some of the remaining molecular hydrogen (giving rise to the observed 2.122 km emission).
The apparent relation between the [Fe II] and emis-H 2 sion line image presented here and the radio string-source emission gives additional plausibility to a shocked origin for both the nonthermal and thermal radio emission observed in Cep A East source HW 6, presumably caused by a supersonic jet originating in YSO HW 2 (see Fig. 7 ).
What can we infer about the supersonic jet shocking the northern regionÏs gas and presumably originating in YSO HW 2 ? First, the HW 2 ionized jet extends for 200 AU in the direction of the northern emission region et (Rodri guez al.
and is 130 AU wide. Recent studies of the ioniza-1994), tion fraction in jets by Morse, & Raymond Hartigan, (1994) show that most jets are primarily neutral. Several numerical models have illustrated that neutral jets are capable of transferring sufficient momentum and energy to the surrounding molecular cloud to drive bipolar Ñows (e.g., Raga & Cabrit & Chernin whereas 1993 ; Masson 1993) , Brugel, Mundt, & Buhrke found that ionized jets are not (1987) capable of doing this. Thus, we presume that a thin (¹130 AU) neutral jet from HW 2 will interact with the interstellar medium it encounters, initially directed at a mean position angle of D45¡.
Second, the fact that HW 4 is not entirely colinear with HW 5, 6, and 2 (see Figs. and suggests that the jet may 4 6), be precessing Frank, & Jones or, alternately, (Cli †e, 1996) , that the jet is periodically diverted by interactions with dense material & Chernin Another piece of (Masson 1993). indirect evidence for a precessing or diverting jet is the very bright and regular knot of emission coincident with HW H 2 6. If this emission is that of a shocked "" cloudlet ÏÏ of higher density than the rest of the dense Cep A-2 molecular cloud, then it would have been destroyed and/or moved along the jet by previous interactionsÈunless the jet is precessing or being diverted and has just now encountered the cloudlet. Also, from large-scale maps of the Cep A East region H 2 et al. & Lane et al. (Hartigan 1996 ; Bally 1991 ; Nadeau it is clear that shock-excited molecular hydrogen 1994), knots associated with this jet appear at least for an additional distance of 0.16 pc (the projected distance of HW 6 is D0.16 pc from HW 2), and probably even to HH-NE at a distance of 0.36 pc from HW 6 ; HH-NE was previously identiÐed as a clump of Ha knots with transverse velocities of 180 and 250 km s~1 away from HW 2/HW 3 and a radial velocity of [80 km s~1
The fact that the (Lenzen 1988).
[Fe II] emission near HW 6 exhibits a radial velocity of [69 km s~1 supports a common origin for these features. The emission associated with HH-NE has fanned out H 2 and bent somewhat and in fact is now closer to a position angle of 60¡.
How can we explain the observation that no shocked H 2 and [Fe II] line emission is observed until the jet reaches HW 6, the most distant H II source (of HW 4, 5, and 6) from the probable YSO HW 2 ? Although enhanced extinction toward HW 2 is observed (see below) and may obscure such shocked line emission, that may not be the only explanation. It seems likely that the ISM in the vicinity of HW 4 and 5 is a factor of 10 less dense than that near HW 6, so that the molecular hydrogen could be dissociated and ionized by the neutral jet shocks. Also, the column density of singly ionized iron here would be approximately 10 times less than to HW 6, so that the [Fe II] emission would fall below our limit of detectability.
Shock Model for the Southern L ine Emission
The detection and morphology of the emission in the H 2 southern region limit the models to which we can compare our data. Molecular hydrogen in the presence of magnetic Ðelds is dissociated into atomic hydrogen at velocities greater than 30È50 km s~1, an upper limit on the shock velocity. According to et al. the presence of Hartigan (1996), line emission close to the head of the shock presents two H 2 options for excitation mechanisms : low-velocity J shocks and C shocks. In J shocks, the emission is predicted to H 2 occur just inside the bow shock. In C shocks, the molecular hydrogen trailing along the sides of shocks is slowly heated. These scenarios also predict the relative positions of H 2 emission and visible [S II] line emission. The morphology of the emission in relation to the shock front itself becomes H 2 important in determining the shock mechanism.
The sketch of prompt entrainment by et al. Hartigan depicts an arc of optical [S II] emission followed by (1996) emission along the wings. The emission in the H 2 H 2 southern emission region is clearly located along one wing of a bow shock ; thus the northern wing is obscured by the dense molecular cloud, Cep A-3, implying that the shock emission region occurs on the far side of the molecular cloud. The [Fe II] emission does not resemble an arc at our spatial resolution.
The morphological distinctions presented by et Hartigan al.
are not sufficient to determine whether the shock (1996) is J-or C-type ; consideration of line emission intensities H 2 is necessary for comparison with models in the literature. However, morphological considerations allow a constraint on the preshock molecular hydrogen number density. The close proximity of the southern emission to the HW 7 ionized gas complex implies cm~3. Coinn H2,CepA D 104 cidence with the edge of the molecular cloud Cep A-3, which includes a dense molecular cloud detected in CS emission & Mundy predicts a preshock (Sargent 1988), molecular hydrogen number density as high as 106 cm~3. Here, we assume the intermediate value of n H2,CepA D 105 cm~3. For an oblique shock exciting the emission, we H 2 assume shock velocities ranging from 40 to 50 km s~1. We will show in the following discussion that the emission H 2 observed in the southern HW 7 region of Cep A East is caused by J-type rather than by C-type shocks.
The BN/KL region of Orion is the earliest and beststudied example of the coupling between an active YSO and the surrounding molecular cloud ; thus, we have chosen to compare the shock-excited emission in Cep A East to a model of the BN/KL region. There are many papers that describe and model observations of BN/KL. We restrict ourselves to one observational paper and one model, although similar results have been obtained by others. use a C-type nondissociative shock CHM to model the region and deduce a v : 1 ] 0 S(1) 2.122 km H 2 line intensity of 1 ] 10~1 ergs cm~2 s~1 sr~1. In order to make a valid comparison of the predicted intensity from the Orion shock model to the detected intensity from Cep A East, the results must Ðrst be normalized for column density, N H2 . To estimate a reasonable molecular hydrogen column density for the southern shocked emission, we use a modiÐed version of expression for the (unextinguished) SHKRÏs Ñux from an optically thin line (their eq.
[7]), to F S (1) H 2 obtain the intensity
where is the molecular hydrogen column density, N H2 (1.22 ] 10~2) is the fraction of hot molecular f v/1,J/3 hydrogen in the v \ 1, J \ 3 level assuming that the level populations are thermalized and K, is the T VIB \ 2000 A S(1) Einstein A-coefficient for this transition (3.37 ] 10~7 s~1), and l is the frequency of the transition (1.4 ] 1014 Hz). At several locations in BN/KL, present extinction-SHKR corrected values of the line intensity ranging H 2 I S(1),Orion , from 8.1 to 24 ] 10~3 ergs cm~2 s~1 sr~1. From these line intensities, they deduce column densities of N H2,Orion D1019È1020 cm~2. Their extinction-corrected BN/KL H 2 line intensities are D1000 times brighter than the intensity detected in the southern emission region of Cep A East. To explain the factor of 1000, the range of possibilities includes (1) the southern region near HW 7 su †ers an extinction of 7.5 mag, and the molecular hydrogen column den-A 2.122 sities in Cep A East and Orion are the same ; (2) there is no extinction to the southern region of Cep A East, and the molecular hydrogen column densities are a factor of 1000 smaller than in BN/KL ; and (3) there is an intermediate state with 0 mag and 1016È1017 mag \ A 2.122 \ 7.5 cm~2. We have no direct cm~2 \ N H2 \ 1019È1020 measure of the extinction to the Cep A East southern emission region, so we cannot estimate the unextinguished H 2 line emission directly. The range of in the nebular A 2.122 reÑection region extrapolates to values as high as 7.5 mag only in the vicinity of the YSO cluster (see Thus,°3.3). possibility (1) is likely only for the putative obscured northern wing of the HW 7 bow shock emission ; possibility (1) is unlikely for the southern wing of the HW 7 bow shock emission, but is untestable by this method since there is no observed reÑection nebulosity near HW 7. However, since the associated [Fe II] emission tip to the southern region H 2 emission is also observed in visible [S II] emission et al. we can discount possibility (1) (Corcoran 1993), because an abrupt change in the extinction across the tip of the bow shock is not observed. We can also realistically discount possibility (2) with 0 mag of extinction, since the region is just on the edge of the Cep A-3 molecular cloud, with one wing of the bow shock totally obscured. We note that just 2.5 mag extinction at 2.122 km corresponds to D19 mag at 0.67 km, the wavelength at which [S II] emission was observed ; we assume here that mag. We consider that a planar J-shock model is the plausible explanation for the southern artillery shell shocked emission from HW 7 and that there is an extinction gradient across the bow shock.
We consider further the ramiÐcation of an extinction of mag to this region. From Savage, & Drake This implies the line-of-sight 1978). column density associated with the extinction is N H2 D 3.2 ] 1022 cm~2. Using cm~3 as typical for an n H2 D 105 ammonia molecular cloud, we estimate the depth of the material extinguishing the southern emission wing to be H 2 3.2 ] 1017 cm, which is on the same order of magnitude as the projected width of the Cep A-3 cloud, 2.6 ] 1017 cm. This size similarity strengthens our argument that the southern shock-excited emission is occurring on the far side of Cep A-3 and that the obscured northern wing of the H 2 emission is behind a much larger column density, as conÐrmed by CS observations at that approximate location.
T he Exciting Y SOs
We have already noted the YSOs that likely power Cep A East. The variation in deduced jet widths obviates any suggestion that the same YSO is responsible for excitation of both northern and southern strings, yet any of the YSO cluster members is a possible candidate for powering either region.
Most attention has focused on the extraordinary and brightest compact radio source HW 2, close to the vertex of the Y, and one of the time-variable sources in the cluster. We have already presented compelling position angle arguments that HW 2 is responsible for the excitation of the northern ionized radio and IR line emission region associated with HW 6 ; now we will argue (as have others) that HW 2 is the source illuminating the reÑection nebulosity as well. From the northern reÑection nebular extent, the opening angle for radiation escaping from HW 2 (see Fig. 7 ) is^40¡È50¡ from the jet axis. The GPFW 1 sources are within the same southwest opening angle of HW 2, as is an associated conical M@ nebula to the southwest of HW 2 ; the M@ nebula extends the HW 1 string complex (see Fig. 6 ). This YSO geometry is consistent with HW 2 as the luminosity source for the northern IR reÑection nebulae, as determined from near-IR polarimetry et al. 1986 ; Colome 1995), the excitation source for the shocked gas emission associated. The geometry precludes excitation of the southern shocked emission region with the HW 7 sources. We postulate that dust between, or on, the front edges of the Cep A-2 and Cep A-3 molecular clouds scatters radiation escaping from HW 2 causing the reÑection nebulosity to the northeast (see The extended molecular cloud associated Fig. 4 ). with this YSO is responsible for extinction observed in the vicinity of HW 2 and the southwest edge of the reÑection nebulosity (see below). This scenario is also consistent with the blueshifted [Fe II] emission ; the north axis of the YSO is tilted toward us and the south axis is obscured by the disk surrounding HW 2.
Evidently there is mass loss in the form of thermal ionized jets ( The correspondence of the position angles of the EHV CO molecular Ñow with the northern string source (revealed by shocked IR line emission and H II radio continuum emission) and that of the HV Ñow with the southern string sources adds to the mounting evidence that the northern and southern emission regions have di †erent origins. Taken together with the HW 2 jet direction, and the limited opening angle from HW 2, we believe that the CO outÑow(s) represents two proximate, di †erently directed, bipolar molecular outÑows, powered by the collimated jets from two separate sources [probably located in HW 2 and
Other molecular outÑows appear to have quadrupolar structure as well, particularly L723
Hayashi Bohlin (1978) , cm~2 mag~1), we formally estimate the line N H2 /(2.9 ] 1021 of sight E(B[V ) is 310 mag ! It is not surprising that HW 2 is not detectable in the infrared, even at 100 km.
CONCLUSION
Near-infrared images of Cep A East have revealed two separate regions of shock-excited line emission. We believe these regions to be associated with separate bipolar outÑows. The northern IR line emission region, which exhibits evidence for both a cloudlet shock and multiple bow shocks, is related to the younger northeast-to-southwest EHV CO lobes & Walker as well as the (Narayanan 1996), H II region HW 6. Whereas the southern IR line emission, resembling an artillery shell shock, is associated with the older east-to-west HV CO lobes, as well as the HW 7 string sources. The position angles of the ionized thermal jet associated with HW 2 et al. as well as that , of the circumstellar disk indicated by the maser dis-H 2 O tribution, imply that HW 2 is the source of the northern IR line emission. A model of the region excited by HW 2 has been presented whereby an oscillating jet from HW 2 is responsible for exciting the northern shocked IR line emission and the H II region emission, and photons leaving the YSO in a cone of opening angle^40¡È50¡ are the luminosity source for the northern reÑection nebula.
There are strong indications that one of the HW 3(d) sources is responsible for excitation of the southern IR line emission, and the shock is likely J-type rather than C-type. For assumed similar jet and ambient number densities, the observed bow shock/jet shock spacing is deduced.
Extinction to the northern reÑection nebula is derived. We make only plausibility arguments for the extinction to the southern line emission region.
Future work includes determination of the extinction to the northern and southern line emission region by observation of other lines and/or the 1.25 km [Fe II] line. Once H 2 this is accomplished, further investigation of the shock mechanisms will be possible. Higher resolution spectral observations of the shocked line emission are required to understand the Doppler shift velocities of the various components and their relation to the molecular dynamics.
